We report on the results of a calculation of next-to leading order short distance QCD corrections to the coefficient η1 of the effective ∆S = 2 Lagrangian in the standard model and discuss the uncertainties inherent in such a calculation. As a phenomenological application we comment on the contributions of short distance physics to the KL-KS mass difference.
Introduction
This report is based on research work done in collaboration with Ulrich Nierste [1] .
The prediction of observables in the K 0 -K 0 system forces one to calculate an effective lowenergy ∆S = 2 hamiltonian, which is difficult because of the necessary inclusion of strong interaction effects. Applying Wilson's operator product expansion factorizes the Feynman amplitude into a long-distance part, to be evaluated by nonperturbative methods, and a short-distance part, which can be calculated in renormalization group improved perturbation theory.
The short distance part of the ∆S = 2 Feynman amplitude has first been calculated to leading order (LO) by Vainstein et al. [2] , Vysotskij [3] and Gilman and Wise [4] . These determinations leave certain questions unanswered which we like to summarize below. To be specific, consider the effective ∆S = 2 hamiltonian H = G 
with G F denoting Fermi's constant, λ j = V * jd V js , j = c, t the relevant combination of CKM factors and Q LL the local four-quark operator
In (1) the GIM mechanism λ u + λ c + λ t = 0 has been used to eliminate λ u . The Inami-Lim functions S are obtained in the evaluation of the famous box diagrams depicted in fig. 1 . The η i 
The NLO calculation
All calculations are carried out in the MS scheme using an arbitrary R ξ gauge for the gluon propagator and 't Hooft-Feynman gauge for the W-propagator. Inspired by refs. [6, 5] we use an anticommuting γ 5 (NDR scheme). Infrared singularities get regulated by small quark masses. We only calculate the lowest nonvanishing order in m c /M W , therefore setting S m The calculation is performed in the standard renormalization group technique. The matching of different theories at matching scales µ W , µ b and µ c requires the evaluation of the diagram in fig. 2 and diagrams derived from this by dressing it with one gluon in all possible ways. No local ∆S = 2 operator appears in the effective five and four quark theory, because the diagrams mentioned above are finite due to the GIM mechanism. Such an operator, it is the Q LL of (2), first arises after moving to an effective three flavour theory by removing the c-quark. For details, we refer the reader to [1] .
To check our calculation, we performed various consistency tests.
• The Wilson coefficient functions turn out to be independent of the gluon gauge parameter ξ and the small quark masses used as a regulator for the infrared singularities.
• Setting µ W = µ b = µ c , we recover the result obtained in naive perturbation theory up to the first order in the strong coupling constant α s .
• The dependence of the final result on the matching scales µ W , µ b , µ c vanishes up to first order in α s .
Numerical results
In the analytical calculation the running charm quark mass renormalized at the scale µ c , where it gets incorporated into the Wilson coefficient function, enters quite naturally. For the numerical analysis and the discussion of renormalization scale dependence it is better to use m on the short distance contribution to the K L -K S mass difference. To a very good approximation the part stemming only from the first two generations is given by [7] ∆m
For the input parameters m K = 0.498GeV, f K = 0.161GeV, Reλ c = 0.215, G F = 1.167 × 10 −5 GeV −2 and B K = 0.7 the mass difference ∆m SD,c K is given in tab. 2. Since ∆m SD K depends linearly upon the nonperturbative parameter B K the result may be easily rescaled to other values of this parameter. Note, that if we take Λ MS = 0.3GeV and m ⋆ c = 1.4GeV, the short distance contribution of the charm sector to the total mass difference is as much as 64%. The terms containing the top quark contribute another 6%, therefore the short distance physics is able to reproduce about 70% of the observed mass difference, which is much more than previously thought. Elsevier instructions for the preparation of a 2-column format camera-ready paper in L A T E X These pages provide you with an example of the layout and style for 100% reproduction which we wish you to adopt during the preparation of your paper. This is the output from the L A T E X document style you requested.
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